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20.  Abstract 

-  j.  puterized  lockin  amplifier.  Also,  new  quantum  counters  for  light 
*  intensity  measurements  have  been  developed. 

Energy  transfer  from  ruthenium (II)  complexes  to  a  variety  of 
rhodamine  and  oxazine  laser  dyes  has  been  demonstrated  in  both 
homogeneous  solutions  and  in  surfactant-assisted  ones.  Singlet 
energy  transfer  efficiencies  from  the  charge  transfer  (CT) 
sensitizing  6tate  of  the  Ru(II)  complex  to  the  laser  dyes  in 
homogeneous  solutions  are  unity,  and  in  surfactant-assisted  systems 
efficiencies  are  45-75%  at  concentrations  of  10~^M.; 

Excited  state  interactions  of  cation  exchange  bound  Ru(II) 
complexes  lRu(bpy)3)2+  have  been  studied  using  molecular  oxygen 
as  a  probe  of  the  binding  sites.  Singlet  oxygen  formation 
efficiencies  approach  85%  under  favorable  conditions.  These 
efficiencies  exceed  those  of  the  common  heterogeneous  singlet 
oxygen  generators.  A  model  for  the  system  has  been  developed. 


19 .  Key  Words 

lasers,  metal  complexes.  Ruthenium ( II ) ,  dyes,  quantum  counters, 
actinometer,  energy  transfer,  excited  state,  alpha-diimine , 
luminescence,  singlet  oxygen,  deconvolution,  electrontransfer 
surfactants,  boxcar  integrator,  photon  yields,  kinetics,  micro¬ 
computer,  intersystem  crossing,  rhodium (III) ,  risetimes, 
excited-state  acid-base,  bolometer,  charge  transfer  luminescence, 
text  editor,  ferrioxalate,  temperature  controller,  mercury(II), 
mercury (I) . 


MCUMITV  CLMMPICATIOO  OP  PAOErWfian  Oa<«  Cat trap) 


AFOSR-TR-  8  2-0662 


82  8 


FINAL  REPORT 

NEW  LASER  DYE  SYSTEMS  BASED  ON 
TRANSITION  METAL  COMPLEXES 

JAMES  N.  DEMAS 


AFOSR-78-3590 


DEPARTMENT  OF  CHEMISTRY 
UNIVERSITY  OF  VIRGINIA 
CHARLOTTESVILLE,  VIRGINIA  22901 


JUNE  1 ,  1978  -  MAY  31 ,  1982 


27  014 


*pur:*vctf*.  r.  r  ;  *:  . 

distribution  uui  routed. 


b.  Kesearch  Objectives. 

1 .  fo  study  excited-state  properties  of  luminescent 
transition  metal  complexes  and  their  excited  state 
interactions  with  laser  dyes,  metal  complexes,  anu  oxygen. 

d.  To  study  the  mechanism  of  energy  and  electron  transfer 
processes  between  metal  complexes  and  other  molecules. 

3.  To  utilize  energy  transfer  between  metal  complexes  and 
laser  dyes  in  order  to  develop  new  and  improved  binary  laser 
dye  systems  with  enhanced  stability,  efficiency  and  narrower 
line  widths. 

4.  To  develop  new  classes  of  luminescent  metal  complexes 
which  can  oe  used  in  the  above  studies. 

3.  To  develop  novel  photochemical  ana  spectroscopic  tools 
to  permit  or  facilitate  the  above  studies. 
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C.  Summary  of  the  Research  Effort 

Major  goals  of  this  study  have  been  the  elucidation  of 
the  photochemical  and  pnotophysical  processes  of  platinum 
metal  complexes.  while  no  new  laser  dye  systems  have  been 
developed,  the  fundamental  studies  necessary  to  develop  Dinary 
laser  uye  systems  have  been  completed.  The  work  nas  also  led 
to  a  further  unuerstanuing  of  tne  excited  state  processes  in 
Ru(II)  pnotosensitizers  and  to  the  development  of  a  variety  of 
new  cuemical  systems.  We  briefly  summarize  our  results  with 
full  details  given  in  the  publications  listed  in  Part  D. 

Contrary  to  the  widely-held  view  that  the  charge  transfer 
(CT)  excited  states  of  Ru(II)  complexes,  are  triplet  states, 
we  have  demonstrated  experimentally  that  they  possess  a  great 
deal  of  singlet  character.  This  has  been  shown  using 
diffusional  singlet  energy  transfer  to  the  singlet  states  of 
laser  dyes.  Tnis  result  also  shows  that  the  metal  complexes 
can  potentially  be  used  as  energy  antenna  in  binary  laser  dye 
systems.  Very  efficient  micellar-enhanced  singlet  energy 
transfer  has  also  been  demonstrated.  Models  for  the  binding 
of  rtu(Il)  photosensitizers  to  nonionic  surfactants  were 
aeveioped.  Charge  surfactants  have  been  used  to  impede 
quencning  ana  electron  transfer  reactions. 

Polymer  supported  tr is( 2 ,2 ' -bipyr idine) ruthenium( II )  has 
also  been  s-tudied  as  a  heterogeneous  singlet  oxygen  generator. 
A  model  of  the  structure  of  the  binding  sites  and  the  routes 
by  which  singlet  oxygen  reactions  occur  in  these  systems  has 


been  developed. 

There  was  a  widely  held  view  that  fully  ring  aromatized 
polypyridine  ligands  were  required  with  platinum  inetal 
complexes  to  yield  CT  photosensitizers.  We  have  demonstrated 
that  only  the  a-diimine  functionality  need  be  present  for  CT 
luminescence.  This  opens  up  an  entirely  new  class  of  CT 
excited  state  photosensitizers. 

The  first  example  of  an  excited  state  acid  base  reaction 
of  a  complex  exhibiting  CT  luminescence  was  reported.  A 
unique  inversion  of  the  lowest  state  was  observed  on 
protonation.  On  protonation  the  CT  state  rose  above  the 
lowest  tt-tt*  triplet  state,  and  the  emission  changed  from  a  CT 
one  to  a  ir-n*  phosphorescence. 

A  variety  of  new  tools  anu  techniques  were  developed. 
These  include  matnematical  and  instrumental  methods  of 
luminescence  lifetime  analysis,  calibration  of  chemical 
actinometers ,  new  luminescence  quantum  counter  systems  based 
on  solid  polymer  matrices  and/or  metal  complexes,  and  new 
methods  of  studying  fast  reversible  excited  state  electron 
transfer  reactions.  Also  developed  were  a  low-cost 
temperature  controller,  a  rapid  surfactant  deoxygenation 
system,  and  useful  computer  programs. 
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Based  Luminescent  Quantum  Counters”,  SERI  Conference, 
August,  1930.  v 

13.  T.  0.  L.  Pearson,  E.  Cetron  and  J .  N .  Demas ,  “Micro- 
computerized  Quantum  Counter  Comparator",  SEhl 
Conference,  August,  1930. 

19-23.  J.  N .  Oemas,  “Excitea  State  Energy  and  Electron 

Transfer  Processes  of  Metal  Complexes",  invited  talk  at 
Rutgers,  Jew  Jersey,  March  12,  1931. 

20.  Invited  talk  at  University  of  Pittsburgh,  Penn., 

April  9 ,  1931 . 

21.  Invited  talk  at  Seton  Hall,  Hew  Jersey,  March,  10 
1961. 

22.  Invited  talk  at  Stevens  Institute  of  Technology, 

March  11,  1931 . 

23.  J.  H .  Oemas,  invited  talk  at  Kean  College,  New 
Jersey,  March  12,  1931. 
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24.  T  ^Pearson,  A.  Davis,  and  J.  M.  Dernas,  "An 

nutozeroin,:;  M icrocomputer izea  Boxcar  Integrator  with 
Suonanoseconu  riiseti»ne",  19d1  Pittsourgn  Conference 
on  Analytical  Chemistry  ana  Applied  Spectroscopy. 

2o .  D.  J.  Taylor  and  J.  d.  Demas,  "A  M  icrocoiaputer  i  zea 
instrument  for  Studying  Reversible  E xci tea-State 
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Method”,  19S1  Pittsburgh  Conference  on  Analytical 
Chemistry  ana  Applied  Spectroscopy. 

2o  .  J  .  d .  Demas ,  B.  ilauenstein,  ana  \ .  Manual,  "Excited 
State  Energy  anj  Electron  Transfer  Processes  of 
Kutheniu:fi( II)  Photosensitizers",  Invitea  talk  at 
the  ACS  Awards  Symposium  in  Inorganic  Chemistry 
at  tne  ACS  Meeting  in  Las  Vegas,  April  19B2. 

2Y  .  J.  d .  Demas,  "Luminescent  Complexes,  Micelles,  and 
Togetherness",  University  of  Richmond,  April,  19B2. 

2d.  J.  d.  Demas,  "Luminescen t  Complexes,  Micelles,  ana 
Togetherness" ,  dew  Mexico  State  University,  April, 
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